The reproductive performance of two Varunidae crabs, Cyrtograpsus angulatus and C. altimanus from Jabalí Island (408329S, 628159W), Argentina, were compared. The following reproductive variables were measured in the laboratory for fixed females of each species: realized fecundity (number of eggs/female); EW: egg dry weight (egg dry weight/number of eggs); RO: reproductive output (egg dry weight/female dry weight); RF: relative fecundity (number of eggs by female/female dry weight); and RSOM (relative size at the onset of maturity). Cyrtograpsus angulatus showed a greater realized fecundity than C. altimanus, in accordance with the greater size of the former (20.88 6 0.66 mm and 8.52 6 0.12 mm carapace widths, respectively). The EW, RO, and RF presented similar values for both species, whereas C. altimanus had a greater RSOM than C. angulatus.
Size at the onset of maturity, fecundity, and reproductive output are considered key lifehistory parameters that should reflect the lifetime investment in reproduction (Anger and Moreira, 1998) . Temperature, salinity, food availability, photoperiod, and lunar cycle are factors that could determine the periodicity and/ or extension of the reproductive period of a species, as well as the minimum size at sexual maturity and fecundity (Thorson, 1950; Conde and Díaz, 1992; López Greco et al., 2000) . Small fluctuations in the mentioned factors could cause very important variations in population density and reproductive parameters (Higgins et al., 1997) .
In many cases, especially in edible species, the estimation of size at the onset of sexual maturity is a relevant factor for establishing a fishery management program (Amaro Pinheiro and Fransozo, 1998) . Fecundity is often considered an important parameter for determining the reproductive potential of a certain species or population, both for theoretical and practical purposes (Mantelatto and Fransozo, 1997) .
Grapsoid crabs are an important component of intertidal tropical and subtropical habitats and are usually distributed according to vertical zonation patterns in estuarine systems (Emmerson, 1994; Conde et al., 2000; Flores et al., 2002) . Cyrtograpsus angulatus and Cyrtograpsus altimanus are two of the four Varunidae crab species living in the Argentine coast. The former species is distributed from Puerto Deseado (Argentina) to Rio de Janeiro (Brasil) on the Atlantic coast (Boschi, 1964) , and from Talcahuano (Chile) to Isla de San Lorenzo (Perú) on the Pacific coast (Retamal, 1981) . The latter species is only distributed along the Atlantic coast, from Rio Grande do Sul (Brasil) to Chubut (Argentina).
Many studies have been done on C. angulatus in Mar Chiquita lagoon (Argentina), mainly those concerning ecology, growth, reproduction, and recruitment pattern Luppi et al., 2001; Spivak, 1988 Spivak, , 1990 Spivak and Sánchez, 1989; Spivak et al., 1994) , whereas population dynamics of C. angulatus have been studied in Rio Grande do Sul (Cracco, 1994) . Both species differ in many aspects of their biology, such as maximum size (C. angulatus greater than C. altimanus); relative growth (Gavio and Spivak, 1994a) ; mating behaviour (Gavio and Spivak, 1994b) ; and ability for invading estuarine habitats (Spivak, 1999) . Although the morphologies of their larvae are quite similar, megalopae size of C. altimanus is greater than that of C. angulatus (Spivak and Schubart, 2003) .
The present work deals with the reproductive parameters of C. angulatus and C. altimanus, sympatric species inhabiting the subtidal zone in Jabalí Island, Argentina. The comparison of the studied populations with others of the same species distributed along the Atlantic coast is also made.
MATERIALS AND METHODS
Ovigerous females of C. angulatus (n ¼ 93) and C. altimanus (n ¼ 105) were collected in Jabalí Island (408329S, 628159W), Argentina, during September 1997. This time of the year coincides with the beginning of the reproductive period of both species in this area. Collected crabs were fixed in situ in 10% Formalin solution.
In the laboratory, the following procedure was followed for each crab: (1) maximum carapace width (CW) was measured by means of a vernier caliper (precision 0.02 mm); (2) egg mass was removed and all eggs were counted; (3) each egg mass was assigned to one of the following categories: uneyed embryos or eyed embryos, according to Stella et al. (1996) ; (4) each female and her egg mass were dried until constant weight (two days at 708C); and (5) the dried female and her egg mass were weighed (precision 0.1 mg).
From the above data, the following parameters were estimated: realized fecundity (REF), as the number of eggs carried by a female (Steachey and Sommers, 1995) ; egg dry weight (EW), as egg mass dry weight/realized fecundity; relative fecundity (RF), as realized fecundity/female dry weight; reproductive output (RO), as egg mass dry weight/ female dry weight (Hines, 1982) ; and relative size at the onset of maturity (RSOM), size at the onset of maturity/asymptotic size (Charnov, 1990) . Size at the onset of maturity was defined as the minimum size observed in ovigerous females, and ''asymptotic size'' was defined as the maximum size attained by collected females (Conde and Díaz, 1992) .
Realized fecundity, egg dry weight, relative fecundity, and reproductive output between both species were compared by means of Student's t-test, at a significance level of 0.05. The relationship between realized fecundity and carapace width was analyzed for each species by linear regression (Sokal and Rohlf, 1979) .
RESULTS
All females from both species carried eggs with uneyed embryos. Both species differed significantly in the mean body size (Table 1) . In correlation with this, they also differed significantly in realized fecundity (P , 0.00001) following the rule for crustaceans stated by Hines (1982 Hines ( , 1988 .
Although C. angulatus and C. altimanus showed differences in realized fecundity, values for egg dry weight, relative fecundity, and reproductive output were similar (P . 0.05), whereas RSOM was greater in C. altimanus than in C. angulatus. The relationship between body size and realized fecundity showed a significant correlation (P , 0.00001) for both species (r ¼ 0.733 for C. altimanus and r ¼ 0.917 for C. angulatus).
DISCUSSION
The species C. angulatus and C. altimanus from Jabalí Island showed a similar reproductive investment related to egg dry weight, relative fecundity, and reproductive output, whereas a difference in realized fecundity between them was seen. This later difference could be theoretically related to the species-specific habitat (according to Conde and Díaz, 1992 ). However, it should be noted that both species living in Jabalí Island are subjected to the same salinity (near 32-34&, personal records), and they really co-exist in the same rocky intertidal habitat. In fact, juveniles of a wide range of sizes and adults of both species were observed inhabiting the same rock crevices. Therefore, the higher size observed in C. angulatus seems to be the main factor to explain its higher realized fecundity, compared to C. altimanus.
The realized fecundity value for C. angulatus in Jabalí Island (present study) was lower, and the minimum size of ovigerous female was smaller, than those reported for females of the same species living at Mar Chiquita lagoon . In this case, the habitat of both populations is different; whereas adults of C. angulatus from Jabalí Island live in rocky crevices, those from Mar Chiquita are usually exposed to the air in the sandy shore near the coastline during spring and summer .
In fact, the difference in fecundity and/or size at the onset of maturity between populations of the same species could be related to latitudinal differences and/or differences in productivity of the system that they inhabited, as was reported Table 1 . Mean values 6 standard errors (SE) of the measured parameters in Cyrtograpsus angulatus and C. altimanus from Jabalí Island. The range of the variable is indicated within parentheses. CW: carapace width (mm); REF: realized fecundity; EW: egg dry weight; RF: relative fecundity; RO: reproductive output; and RSOM: relative size at the onset of maturity. Significant differences (P , 0.05) between species are indicated by asterisk (*). for other grapsoids (Jones and Simons, 1983; Conde and Diaz, 1992; Leme and NegreirosFransozo, 1998; Leme, 2002) or crustaceans in general (Wenner et al., 1985; France, 1992; López Greco et al., 2000) . As an additional comment, we did not find either the high incidence of autotomized crabs or the high degree of parasited crabs described for C. angulatus in Mar Chiquita Lagoon; these factors could be affecting several reproductive parameters . When comparing the egg dry weight value for C. angulatus from Jabalí Island with that from Mar Chiquita Lagoon , we can observe that the former value is greater than the latter (mean value ¼ 5.8 6 0.3 lg). The greater EW in Jabalí Island could be linked to the lower fecundity observed with respect to Mar Chiquita lagoon (higher energetic investment in lesser number of eggs).
Reproductive output values for both species were greater than the mean value of 10% estimated by Hines (1982) for Brachyura, but they are inside the range calculated by the same author. One interesting fact is that the RO value of C. angulatus (13.31 6 0.47 percent) from Jabalí Island is nearly double than the reported for the same species in Mar Chiquita Lagoon (RO ¼ 7.2, Luppi et al., 1997) . In contrast, for several species of shrimps, average RO values increase with rising temperatures (Clarke et al., 1991) .
The RSOM value for C. altimanus was similar to that of several other crustaceans, such as Pandalidae shrimps, the crab Aratus pisonii from marine and riverine-estuarine habitats (Conde and Díaz, 1992) , and some other grapsoids crabs (López Greco, 1999) . According to Charnov (1990) , the RSOM value would be independent from species, habitat, and size at the onset of sexual maturity. The RSOM value for C. angulatus from Isla Jabalí was similar to those of Pachygrapsus gracilis (see Hartnoll, 1965) and Hemigrapsus sanguineus (see McDermott, 1998) . If the same value were calculated for C. angulatus from Mar Chiquita Lagoon, from data recorded by , a similar value to that obtained in this work would be observed but still lower than the hypothetical 0.55 value postulated by Charnov (1990) for crustaceans. However, a greater interspecific variability than that assumed by Charnov was observed, as was also reported for Palaemonidae shrimps (Anger and Moreira, 1998) .
